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Abstract 
Groundwater quality is one of the main hydrogeological problems in the study area. The study aims to define the groundwater quality 
in the study area. Physical measurements, chemical analysis and biological tests were conducted on 53 water samples collected from 
the existing dug-wells. Titration, spectrophotometer and flame photometer methods were used to investigate the concentrations of 
different cations and anions. Chemical analysis shows high concentration of nitrate as a product of surface contamination by organic 
matter. Hydro-chemical classification of groundwater explained four groups, which are: (Na+1 + K+1) – HCO3-1 water, (Na+1 + K+1) – 
(SO+2 + Cl-1) water, (Ca+2 + Mg+2) – HCO3-1 water and (Ca+2 + Mg+2) – (SO+2 + Cl-1) water. Bacteriological test was made for 25 
samples; the contamination calculated ranges from 2 to 8 coliforms/100 ml, one sample shows a value of 1500 coliforms/100ml, 12 of 
them were uncountable and three are free of contamination. Thus it can be stated that most of the groundwater sources were contaminated 
by living organisms. Based on the results of this study, guides for future groundwater utilization in the area are stated. 
Key words: Bara Basin, contamination groundwater, salinity, shallow aquifer. 
 
1. Study Area 
The study area is located within North Kordofan State. It is 
bonded by latitudes 13o:20'N, 14o:20'N and longitudes 29o:30'E, 
30o:30'E covering an area of about 12000 km2 (Fig. 1). 
Groundwater is the only source of drinking water in the area; 
salinity is one of the problems that affect its usage.  
Ground surface is generally low relief plain, undulated with 
stationary or mobile sand dunes and generally inclined from SW 
to NE. Many rock-outcrops of small heights are exposed in the 
area; the highest point is represented by J. El Mugnas which 
attains to 995m (a.m.s.l). 
Climate is predominantly semi-arid whereas the mean monthly 
temperature ranges from 13.5 oC to 31.5oC; annual rainfall from 
74 to 562.3 mm/y; and annual relative humidity from 30% to 
73% at rainy season's peak in August. According to the natural 
conditions in the area, drainage system is very poor; the rain 
percolates in sand dunes or gathers in some depressions, so most 
of water courses are of temporary characters. Natural vegetation 
is dominated by thorn communities and grassland (IFAD, 1999). 
Many studies were carried out dealing with the geological and 
hydrogeological conditions in the study area. The most 
important of these studies are: Rodis et al., 1963; Rodis et al., 
1964; Hunting Technical Services Limited, 1970; Whiteman, 
1971; Hunting Technical Services Limited, 1975; Vail, 1978; 
Ali and Whitely, 1981; Geotehnica, 1985; Geotehnica, 1988; 
IFAD, 1993; El Teib, 2000; and Yousif, 2015. 
The main rock units in the area include: Basement Complex 
(mainly Pre-Camberian), Nubian Sandstone Formation 
(Cretaceous), Umm Ruwaba Formation (Tertiary-Pleistocene) 
and Superficial Deposits (Pleistocene- Recent), (Geotehnica, 
1985 and IFAD, 1993). 
Basement rocks are represented by gneisses, schists, quartzite, 
granites and syenites, and they crop out at many localities such 
as J. Mugnas, J. Kagmar, J. Um Duban, J. El- Hemaui, and J. El 
Quleit (Fig. 2). 
Nubain Sandstone Formation consists of flat lying or gently 
dipping consolidated sandstones, mudstones and conglomerates 
of continental and/or near shore marine origin. Its thickness 
depends on the paleo-relief of the Basement Complex 
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(Geotehnica, 1985). In the study area it is only recorded at 
shallow depths by drilling in the northern part (El Teib, 2000). 
Um Ruwaba Formation is largely rest on the irregular surface of 
the Basement Complex. It is flat-lying unconsolidated or weakly 
consolidated unsorted sandstones, mudstones and 
conglomerates, with rapid facies changes and no surface outcrop 
(Whiteman, 1971). The Superficial Deposits covers all the older 
formations as Qoz sands (sands dunes and sheets) and alluvial 
deposits (IFAD, 1993). 
 
Fig.1. Location of the study area 
 
Fig. 2. Geology of the study area (Based on H.T.S.L, 1970, Geotehnica, 1985; El Taeib, 2000) 
Bara Basin complex represents the extreme northern 
extension of the White Nile Rift System that associated 
with uplifting and subsidence in the area (El Teib, 2000), 
(Fig. 2). Three systems of faults control the trough of 
Bara Basin, mainly striking NE–SW, NW–SE and E-W 
(Geotehnica, 1985). 
All geological formations in the area may serve as water bearing 
formations.  Basement Complex may contain water in weathered 
zones, joints and other lines of weakness. Small quantity of 
water is extracted from wells sunk in these rocks (Rodis, et al., 
1964).   
Aquifers in the Nubian Sandstone Formation occur only in 
shallow depths at the northern borders. Um Ruwaba Formation 
and Superficial Deposits are the main water bearing formations 
in the area, and usually are interconnected. Aquifers in the 
Superficial Deposits are characterized by seasonal or annual 
fluctuation in water storage; where they are directly depending 
on infiltration from rainfall during the rainy season (Whiteman, 
1971). 
2. Objectives 
The main objectives of the study are: 
1. To define the groundwater quality in the study area, in 
the basis of the chemical, physical and biological 
properties. 
2. To investigate its suitability for the different uses. 
3. To state guidelines for safe utilization of groundwater 
resources in the area. 
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3. Materials and Methods 
Within the field work a number of (53) water samples from the 
existing dug-wells were collected (Fig. 3). Physical 
characteristics as PH and EC were measured in the field by using 
PH-meter instrument. Chemical analysis is made for the 
collected samples on the basis of concentration of different 
elements as cations and anions. Different methods were used for 
chemical analysis, and concentrations were expressed by weight 
as mg/l. Titration has been done by two methods; neutralization 
reaction (acid base) method to determine HCO3-1 and CO2-1 
(alkalinity), and precipitation reaction method for Ca+2, Mg+2, 
Cl-1 and total hardness (Ca+2 +Mg+2). 
In spectrophotometer method, Odyssey instrument model 
DR/2500, from HACH Company, USA was used. Analysis 
process based on photosensitivity of chemical compounds to 
light spectrum was performed for NO3-1, NO2-1, SO4-2, Fe + 2, F-
1 and Cu+ 2 measuring. Flame photometer method is used for 
detecting the alkali and alkaline earth metals, the Na+1 and K+1. 
Biological analysis was made for 27 samples for detecting 
biological contamination. This includes testing of the presence 
of coliform bacteria in a given volume of water. In addition to, 
the field work also includes measuring of groundwater levels in 
the existing wells; these measurements are used to portray the 
water table in the area, whereas groundwater dynamics influence 
the water quality. 
 
Fig. 3. Locations of the water samples 
4. Results and Discussion 
4.1 Results  
Water table contour map is constructed on the basis of 
groundwater levels measurements in the existing wells to deduce 
the influence of groundwater dynamics in water quality (Figure 
4). Direction of groundwater flow and hydraulic gradient were 
estimated by analyzing the approximate equipotential lines. In 
the study area the highest head value is recorded at the southern 
boundary of the basin which accounts for 530 m above the sea 
level, where the lowest head value is about 450 m east of Bara 
town. Equipotential lines show that the main direction of 
groundwater flow is from north-west to the south-east, moving 
under hydraulic gradient that amounts for 4.4 x 10-3 in the 
western part and 2.1 x 10-3 in the eastern part. This component 
of flow approaches east direction at the eastern boundary of the 
study area.  
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Fig. 4. Water table in the area  
Significant component of groundwater flow is from south-west 
to the north-east or from south to the north under variable 
hydraulic gradient which decrease from the southern boundary 
towards the center of the area. 
Very small gradient is found from El Kheiran area, northwest 
Bara town, trending southeast and northwest. The flow system 
of groundwater described above reflects very complicated 
conditions and indicates a complex mechanism of recharge in 
the area. 
Table (1) summarizes the results of chemical analysis and 
biological tests on the collected samples. The measured 
temperature ranges from (25.1Cº-32.3Cº) at Iyal Tumsah with 
the mean value of 29.64Cº. Hydrogen Ion concentration (pH) for 
groundwater ranges from 5.8 to 9.2 with the mean of 7.63. The 
EC and TDS are related together; EC ranges from 90 to 2380 
µsiemens/cm at Um Nabag and Abu Noir respectively, and TDS 
in the range of 63 to 2569 mg/l. The highest values of EC and 
TDS sound as pockets most of them in the western part of the 
area where they attain to 12400 µsiemens/cm and 8680 ppm at 
El Maseed and the lowest values were found in the center and 
north-eastern parts (Fig. 5). 
Table 1. Results of physico-chemical investigation and biological tests 
Property Min. Max. mean 
T Cº 25.1 32.3 29.64 
PH 5.8 9.2 7.63 
EC µ siemens/cm 90 2900 757 
TDS mg/l 63 2030 582.4 
Na+1 + K+1 mg/l 1.83 433 156.3 
Ca+2  mg/l 6.4 442 140.7 
 Mg+2  mg/l 2.9 207.3 41.13 
Fe+1 mg/l 0.01 0.56 0.142 
Cu+1 mg/l 0.04 7.15 0.973 
NH3+1 mg/l 0.012 3.284 0.646 
HCO3-1 + CO-13 mg/l 12.2 366 118.76 
SO4--2 mg/l 1.0 365 111.4 
Cl-1 mg/l 10 230 54.59 
NO3-1 mg/l 7.48 616 210.31 
NO2-1 mg/l 0.003 22.11 1.39 
F-1 mg/l 0.02 2.11 0.422 
Coliforms/100 ml 2 8 - 
The alkali metals (Na+1 + K+1) vary in concentration between 
1.83 mg/l at El Hemaui and 433 mg/l at El Murra with the mean 
value of 156.3 mg/l. Alkaline earth metals (Ca+2 and Mg+2) Show 
the lowest values at Gereigikh and the highest at El Hemaui. Ca+2 
concentration ranges between 6.4 mg/l and 442 mg/l with the 
mean value of 140.7 mg/l, and for Mg+2, it is from 2.9 to 207.3 
mg/l, with the mean value of 41.13 mg/l, three samples of the 
total are free of Mg. 
Fe+2, Cu+2 and NH3+1 occur as traces in most samples and absent 
in some others, especially for NH3+1.  Iron concentration ranges 
from 0.01mg/l at Um Sot and El Shawag to 0.56 mg/l at Um 
Dabous, with the mean value of 0.142 mg/l; Cu+2 from 0.04 mg/l 
to 7.15 mg/l with the mean value of 0.973 mg/l; and ammonia 
NH3+1 from 0.012 to 3.284 mg/l. 
Carbonate concentration (HCO3-1 + CO3-2) ranges from 12.2 to 
366 mg/l, and it is generally decreases from the center outwards 
(Fig. 6).  Sulphates range from 1.0 mg/l at Um Nabag to 365 
mg/l at El Murra and it is generally increases from the center 
outwards and increases again in the eastern part (Fig. 7). Values 
of 512, 837.5, 600 and 1200 mg/l are found in El Hemaui and El 
Murra areas as anomalous concentrations,  
Chloride is found to be in range of 10 to 230 mg/l; an anomalous 
value attains to 1996.9 mg/l is found at El Murra, and it is 
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increases from the center outwards. Chloride increases again in 
the northwestern corner of the study area (Fig. 8). 
 
Fig. 5. Distribution of TDS 
 
 
Fig. 6. Distribution of HCO3-1 




Fig. 7. Distribution of SO4-2 
 
Fig. 8. Distribution of Cl-1 
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Nitrate (NO3-1), ranges from 7.48 to 616mg/l; anomalous values 
of 715, 803, 852, and 1172 mg/l occur at El Murra. The Nitrite 
(NO2-1) is less than 2 mg/l in most samples, and it ranges from 
0.003 to 22.11 mg/l. Flouride is found as minor constituent in 
most of the samples, whereas it ranges from 0.02 to 2.11 mg/l, 
and 14 of the total number of the samples were free of the 
element. 
Bacteriological test has been made for 27 samples. The 
calculated contamination ranges from 2 to 8 coliforms/100 ml; 
one sample shows an anomalous value as 1500 coliforms/100ml, 
12 of them were uncountable and three are free of contamination. 
Hydro-chemical composition of water in the study area is 
explained by trilinear diagram (Morgan and Winner, 1962), (Fig. 
9). Based on the dominant cations and anions, four facies of 
groundwater are designated with different spreading in the study 
area; (1) Na+1, K+1 and HCO3-1 facies (10.77%), (2) Na+1, K+1, 
Cl-1 and SO4-2 facies (27.69%), (3) Ca+2, Mg+2, and HCO3-1 
facies (24.62%), and (4) Ca+2, Mg+2, Cl-1 and SO42 facies 
(36.92%). 
 
Fig. 9. Classification Diagram of groundwater 
4.2 Discussion 
In the study area, variation in temperature (25.1-32.3Cº) may be 
due to different timings of collection and influence in weather. 
Concerning TDS, it is found that most of waters (83%) have low 
solid content, and within the WHO permissible limits (Fig. 10-
a). Salinity distribution is seemed to be influenced by the 
location or the past movement of the groundwater; it is found 
that the water that close to the Basement Complex is usually 
saline. Besides, random distribution of salinity may be 
influenced by the complex groundwater dynamics. 
It is warranty that lithological changes or mutually insulated 
water bearing horizons can be responsible of this complexity, 
whereas waters from wells a few hundred meters a part have 
great difference in TDS. Aquifer systems in the study area also 
include a deep aquifer that is known to be interconnected with 
the shallow one, so transmission of pollutants downwards is 
expected and hence a study is required to investigate this 
assumption. PH values (5.8 - 9.2) indicate that 28.3% of water 
are acidic, the rest are basic (Fig. 10-b). 
Most of the samples analyzed are chemically hard where 55.5% 
of them are very hard, 9.2% are hard, 7.7% are medium hard, 
and 27.6% are soft (Fig. 11). Bicarbonate increase towards the 
center of the area, and as it is the primary anion in groundwater, 
the mid-area can be considered as recharge area for the aquifer. 
This statement can be supported by the behavior of sulphate and 
chloride, and by the flow directions, since they all disagree with 
bicarbonate.  
High concentration nitrates (according to the limits of WHO) 
can be justified as due to deposition of organic matter from 
human and animal wastes or plant debris. Wastes may transport 
salts, organic loads and bacteria into the soil or water saturated 
zones by downward-percolating solutions. Also these substances 




Fig. 10. Distribution of TDS, and PH 
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Fig. 11. Distribution of T.H 
Calcium, sodium, magnesium and potassium which are 
commonly added cations corresponding to bicarbonate, sulphate 
and chloride anions occur in irregular distribution in the area. 
These substances can be derived from the rock mineralogy of the 
aquifer materials or the recharge areas as well as upon the 
hydrodynamic conditions. Sodium is the dominant cation in 
water which can be produced by the dissolution of albite 
feldspars, clay minerals or evaporites that normally exists within 
the host rocks. Generally, careful analysis for groundwater flow 
and recharge conditions can reveal the conditions behind the 
water facies diversity, especially in the case of different water 
facies at close wells. 
Biological test shows that most of the samples (89.9%) are 
contaminated by living organisms; the high permeable sandy 
surface has the important role in this situation; whereas it permits 
rapid movement of solutions and allows for little attenuation of 
the contaminants. 
Hydro-chemical classification (Fig. 9) explained that 35.39% of 
water is of bicarbonate facies. If we assumed that the samples 
are evenly represent the study area, then this percent can give an 
approximation for the contribution of the local recharge for 
aquifers in the area; the aquifer receives appreciable recharge 
from a wide surface in the study area. 
Based on the above deductions some guides for future 
groundwater utilization in the area can be stated: 
- When aquifers are exploited by slim holes, screen and 
casing constructed should be of durable materials that will 
perform satisfactory for long service life under extremely 
corrosive conditions and not harmed when repeated acid 
treatment of incrustants is applied to wells, whereas the 
results of chemical analysis in some parts of the study 
area show indication of corrosivity and incrusting 
conditions; stainless steel, thermoplastic and fiberglass 
screens and casing can fulfil this goal. Water wells should 
be located on ground higher than the nearby sources of 
pollution, or the well casing should be extended above the 
ground and can be built up when necessary so that 
contaminated surface water will drain away from the well 
in all directions. 
- Minimum distance from a well to possible sources of 
pollution should be great enough to provide reasonable 
assurance that subsurface flow or seepage of 
contaminated water will not reach the well; it should be 
not less than 150 meters. 
- The well should be designated so that no unsealed 
opening will be left around the well, also formations that 
may be contaminated or having undesirable physical or 
chemical characteristics should be sealed off. 
- Developing of the traditional water-lifting systems from 
dug wells to avoid direct contamination of the sources. 
- Disinfection after completing the well and from time to 
time during operation may be necessary. 
 
5. Conclusions 
Results of the study show that the groundwater contamination is 
due to both natural and artificial elements; physical and chemical 
properties of geological formations, groundwater dynamics and 
human activity are all contributing in water contamination. 
Sanitary protection for the water sources should be encountered 
when determining the drilling site, designing wells and 
construction of water yards. Water treatment wherever possible 
and disinfection from time to time are necessary for constant 
potable water supplying. Exploratory drilling is recommended to 
detect horizons that having undesirable physical or chemical 
characteristics to be sealed off when designing a well. 
Monitoring of groundwater quality is necessary for early 
warning to contamination hazards, and local rules can be 
legislated if necessary to protect groundwater resources from 
contamination hazards. 
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